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The Japanese rock ptarmigan, Lagopus muta japonica, lives under the severe conditions of the Japanese alpine zone at around 3,000 m above sea level. They forage wild alpine plants, Rhododendron aureum, Vaccinium vitis, Empetrum nigrum, and Pinus pumila (Kobayashi and Nakamura, 2011) which often contain toxic substances, such as grayanotoxin, rhododendron, and rhodojaponin, and anti-nutritional compounds, such as condensed tannins, oleanolates, ursolates, and saponosides (Wagstaff, 2008) . The Japanese rock ptarmigans occasionally forage insects according to their availability, but they largely rely on wild plants, particularly in the snowy season (from early November to the middle of May). Accordingly, as shown by many other wild herbivorous animals (Allison et al., 1992; Osawa and Sly, 1992) , Japanese rock ptarmigans should have the mechanisms of detoxification within their digestive systems.
As indicated above, natural food resources for Japanese rock ptarmigans contain many toxic and anti-nutritional substances. Our previous study demonstrated that wild Japanese rock ptarmigans possess their own particular intestinal microbiota, of which some components may relate to the detoxification of their feed (Ushida et al., 2016) . In the present study, we have succeeded in isolating Grampositive cocci that exhibited very high degradability of condensed tannins. We describe the isolation of strains closely related to Streptococcus gallolyticus subsp. gallolyticus, previously known as a tannin degrader in the feces of various animals (Osawa, 1990; Osawa and Sly, 1992; Sasaki et al., 2005) and which has been identified as a potential source of tannase enzyme for industrial purposes (Jiménez et al., 2014) . These strains, isolated in November 2014 from wild Japanese rock ptarmigans liv-treated brain heart infusion agar (T-TBHIA). Strains were precultured overnight on brain heart infusion agar (BHIA) (Nissui, Tokyo, Japan), and developed colonies were picked using plastic loops. The picked precultured strains were streaked on T-TBHIA and incubated at 41∞C. Clear zone production was visually checked every 12 h. For comparison, S. gallolyticus subsp. gallolyticus JCM 10005 T , isolated from koala feces, and JCM 7893, isolated from brushtail possum feces, were used.
The tannase activity was measured in accordance with the procedure of Nishitani and Osawa (2003) . Briefly, cells of tested strains and reference strains (S. gallolyticus subsp. gallolyticus JCM 10005
T and JCM 7893) were preincubated in brain heart infusion yeast (BHIY) broth for 16 h at 37∞C. A portion (0.1 ml) of the culture was transferred to fresh BHIY broth and further incubated to OD 660 = 0.4, which was verified to be ca. 2.0 ¥ 10 8 CFU/ ml in all strains. Cells were harvested by centrifugation from 1 ml of preincubated cultures, and pellets obtained were resuspended in 1.5 ml of 5 mM methyl gallate solution (in 33 mM NaH 2 PO 4 ). This reaction mixture was incubated for 24 h at 37∞C, and a portion of supernatant (1.0 ml) was mixed with 1.0 ml of saturated NaHCO 3 . After 2 h of incubation at 37∞C, the level of free gallic acid was measured spectrophotometrically at 450 nm. The degradation rate was calculated with 0-time concentration of gallic acid regarding as 100. For comparison, the resulting populations in 1 ml of all bacterial suspensions of approximately 2.0 ¥ 10 8 CFU were also used to determine its tannase activity. Triplicate determinations were made, and the statistical significance of the results was assessed by a non-parametric TukeyKramer post-hoc comparison after Kruskal-Wallis testing.
Four Gram-positive cocci (LT1, LT2, LT3, LT4) were obtained from the feces of a male rock ptarmigan at the end of November 2014. Another Gram-positive coccus (LT5) was isolated from the feces of male rock ptarmigans in the middle of May 2015. Based on the 16S rRNA gene phylogeny, these isolates belonged to the S. bovis/S. equinus complex cluster (Schlegel et al., 2003) using neighbor-joining (Fig. 1) . S. gallolyticus subsp. gallolyticus JCM 10005 T was the closest neighbor of the strains LT1 (100%), LT2 (100%), LT3 (100%), LT4 (99.9%) and LT5 (99.9%). The 16S rRNA gene sequence information of these isolates is deposited GenBank/EMBL/ DDBJ with accession numbers LC159325-LC159329.
As shown in Fig. 2 , all streptococcal isolates showed a clear zone on T-TBHIA plates after overnight incubation, while S. gallolyticus subsp. gallolyticus JCM 10005 T and JCM 7893 required 3 days to exhibit the clear zone at the same level of intensity.
Tannase activities of all streptococcal strains are shown in Fig. 3 . The activities (nmol/min/2 ¥ 10 8 CFU cells) of strains LT1, LT2, LT3, and LT4-those isolated in November 2014-ranged from 0.11 to 0.35. These activities were significantly higher than those shown by S. gallolyticus subsp. gallolyticus JCM 10005 T and JCM 7893 (P < 0.05). However, strain LT5, isolated in May 2015, showed an almost identical activity to those of the reference strains (0.005 nmol/min/2 ¥ 10 8 CFU cells). Tannin induces aversion by fixing with taste-sensing protein on the tongue. Tannin also fixes with dietary protein to reduce digestibility by host digestive enzymes. In fact, plants deploy tannin to protect themselves from foraging herbivores. Therefore, wild animals often develop anti-tannin mechanisms by secreting a saliva protein that fixes tannin, or even by losing the tannin-sensing protein (Hofmann et al., 2008; Neyraud, 2014) . Presently, it is not known whether wild Japanese rock ptarmigans have saliva proteins that protect the birds from tannins.
However, even when fixed with saliva protein, tannins will become free within the stomach due to gastric acid (Barry and Manley, 1984) . This means that wild animals may be required to possess a tannin-processing system in the gastrointestinal tract. As wild animals that forage wild plants, Japanese rock ptarmigans should deploy intestinal microbiota that can detoxify anti-nutritional compounds in foods for their survival. Such a contribution has been reported so far for various animals, such as the koala (Osawa et al., 1993) and Hawaiian goats (Allison et al., 1992) . S. gallolyticus subsp. gallolyticus, a Gram-positively stained and chained or paired cocci, is tolerant to oxygen and gastric acid (Osawa et al., 1995) . It can survive in the upper portion of the gastrointestinal tract. As shown by the present study, streptococcal isolates from wild Japanese rock ptarmigans exhibited high tannase activity. In fact, the tannase activities of all four strains isolated in November 2014 at the start of the snow season were significantly higher than those of S. gallolyticus subsp. gallolyticus from koalas and bushtail possums. Accordingly, these streptococcal isolates are important for wild rock ptarmigans to be able to forage and digest tanninrich foods effectively, although S. gallolyticus subsp. gallolyticus has been recognized as a causative agent of endocarditis when translocated (Sekizaki et al., 2008) .
Interestingly, the tannase activities of strains showed great differences: isolates in spring showed smaller activities than did isolates in winter. It seems reasonable that Japanese rock ptarmigans harbor highly tannase-active streptococcal strains because foods rich in tannin, such as pine seeds and winter buds, are the only food available in the winter season with its dense snow cover. In fact, in the spring season, leaves of green plants such as R. aureum, V. vitis, E. nigrum, and P. pumila are available (Kobayashi and Nakamura, 2011) . However, this is still inconclusive due to the limited number of birds tested and the unavailability of the exact population size, and additional samplings from birds may be required. The wild population of the Japanese rock ptarmigan has decreased for several reasons, and it is listed as IB Endangered (EN) in the Japanese Red Data Book and is also protected as the Special Natural Monument of Japan. Therefore, attempts are being made to protect the wild population by a collaboration between in situ (http:// www.env.go.jp/en/nature/biodiv/reddata.html) and ex situ (https://www.env.go.jp/nature/kisho/hogozoushoku/ index.html, Japanese) conservation projects. Ex situ conservation relates to a future restoration program in the ptarmigans' natural habitat. However, captive-bred birds may have intestinal microbiota fundamentally different from those observed in wild individuals (Ushida et al., 2016) . To this end, captive-bred individuals should be trained to feed on wild food after the re-establishment of wild intestinal microbiota. Present isolates will be helpful in such a re-establishment of intestinal microbiota in Japanese rock ptarmigans.
